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©  Aromatisation  of  aliphatics  over  gallium-containing  zeolites. 
©  A  catalytic  process  is  provided  for  converting  feedstocks 
containing  C2  to  C12  aliphatic  hydrocarbons  to  aromatics  by 
contacting  said  feedstocks,  under  conversion  conditions, 
with  a  crystalline  zeolite  catalyst  having  a  constraint  index  of 
about  1  to  12  and  a  silica-alumina  ratio  of  at  least  550,  and 
containing  a  minor  amount  of  an  added  metal  comprising  at 
feast  50  weight  percent  of  gallium,  thereby  converting  the 
feedstock  to  aromatics. 
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AR0MATISATI0N  OF  ALIPHATICS  OVER 

T h i s   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r   t h e  

c o n v e r s i o n   of  a  g a s e o u s   p a r a f f   i n i c   f e e d   c o n t a i n i n g   a  m a j o r  
p r o p o r t i o n   of  C2  t o   C12  a l i p h a t i c   h y d r o c a r b o n s   t o  
a r o m a t i c s   in  t h e   p r e s e n c e   of   a  c r y s t a l l i n e   z e o l i t e  

c a t a l y s t   c o n t a i n i n g   g a l l i u m .  

U S - A - 4 ,   1 8 0 , 6 8 9   t e a c h e s   t h a t   by  u s i n g   c a t a l y s t s  
w h i c h   c o n t a i n   g a l l i u m   and  w h i c h   a r e   p r e p a r e d   f rom  s p e c i f i c  

t y p e s   of  a l u m i n o s i l i c a t e s ,   i m p r o v e d   y i e l d s   of  a r o m a t i c  

h y d r o c a r b o n s   may  be  o b t a i n e d   i f   t h e   g a l l i u m - c o n t a i n i n g  

c a t a l y s t s   a r e   p r e p a r e d   f r o m   s p e c i f i c   t y p e s   o f  

a l u m i n o s i l i c a t e s .   T h i s   p a t e n t   f u r t h e r   d i s c l o s e s   t h a t   i f  

t h e   g a l l i u m   is   e i t h e r   e x c h a n g e d   f o r   one  of  t he   c a t i o n s   o r  

p r o t o n s   or  i m p r e g n a t e d   i n t o   t h e   z e o l i t i c   c a v i t i e s ,  

s u r p r i s i n g l y   h i g h   c a t a l y t i c   s e l e c t i v i t y   i s   o b t a i n e d ,  

e s p e c i a l l y   in  h y d r o c a r b o n   c o n v e r s i o n   p r o c e s s e s .   The  f e e d  

f o r   t h i s   p r o c e s s   i s   a  C3-C12   f e e d s t o c k   of  e i t h e r   a  s i n g l e  
c o m p o n e n t   or  m i x t u r e s   of  s a t u r a t e d   and  u n s a t u r a t e d  

h y d r o c a r b o n s .  

U S - A - 4 ,   120 ,   910  d i s c l o s e s   t h a t   a r o m a t i c   c o m p o u n d s  

can   be  p r o d u c e d   by  c o n t a c t i n g ,   in  t h e   a b s e n c e   of  a d d e d   a i r  

or  o x y g e n   u n d e r   s u i t a b l e   c o n v e r s i o n   c o n d i t i o n s ,   a  g a s e o u s ,  
p a r a f f i n i c   f e e d   s t o c k   c o n t a i n i n g   a  h i g h   p e r c e n t a g e   o f  

e t h a n e   w i t h   a  ZSM-5  t y p e   c r y s t a l l i n e   a l u m i n p s i l i c a t e  
z e o l i t e   c a t a l y s t   h a v i n g   i n c o r p o r a t e d   t h e r e i n   a  m i n o r  

a m o u n t   of  a  m e t a l   or  m e t a l   o x i d e   f r o m   Group   V I I I ,   I I B ,   o r  
IB  of  t h e   p e r i o d i c   T a b l e .   E s p e c i a l l y   p r e f e r r e d   is   a  z i n c -  

c o p p e r   m i x t u r e .  

US-A-4 ,   304 ,   686  t e a c h e s   t h e   a r o m a t i z a t i o n   o f  
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a l i p h a t i c   h y d r o c a r b o n s   u t i l i z i n g   as  c a t a l y s t   a  z e o l i t e  

h a v i n g   an  a l u m i n a - s i l i c a   r a t i o   of  1 0 : 1   to  5 0 0 : 1   in   w h i c h  

a t   l e a s t   some  of   t h e   c a t i o n s   h a v e   been   e x c h a n g e d   f o r  

g a l l i u m   i o n s .  

U S - A - 4 ,   3 5 0 ,   835  t e a c h e s   a  c a t a l y t i c   p r o c e s s   f o r  

c o n v e r t i n g   a  f e e d s t o c k   c o m p r i s i n g   a  h i g h   p e r c e n t a g e   o f  

e t h a n e   to   a r o m a t i c s   e m p l o y i n g   as  a  c a t a l y s t   a  z e o l i t e   w i t h  

a  s i l i c a - a l u m i n a   r a t i o   of  a t   l e a s t   12  and  h a v i n g  

i n c o r p o r a t e d   t h e r e i n   a  m i n o r   a m o u n t   of  g a l l i u m .  

E P - A - 5 0 , 0 2 1   t e a c h e s   a  p r o c e s s   f o r   p r o d u c i n g  

a r o m a t i c   h y d r o c a r b o n s   by  c o n t a c t i n g   a  f e e d s t o c k   c o n t a i n i n g  

a t   l e a s t   70%  by  w e i g h t   of   C2  h y d r o c a r b o n s   w i t h   a  c a t a l y s t  

c o m p r i s i n g   an  a l u m i n o s i l i c a t e   w i t h   a  s i l i c a - a l u m i n a   m o l a r  

r a t i o   of  a t   l e a s t   5 : 1   and  in  w h i c h   e i t h e r   g a l l i u m   i s  

d e p o s i t e d   t h e r e o n ,   or   c a t i o n s   h a v e   been   e x c h a n g e d   w i t h  

g a l l i u m   i o n s .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   a  p r o c e s s   f o r  

p r o d u c i n g   a r o m a t i c   c o m p o u n d s   c o m p r i s e s   c o n t a c t i n g   a  f e e d  

c o n t a i n i n g   a t   l e a s t   50  w e i g h t   p e r c e n t   of  C2  to   C 1 2  

a l i p h a t i c   h y d r o c a r b o n s ,   u n d e r   c o n v e r s i o n   c o n d i t i o n s ,   w i t h  

a  c a t a l y s t   c o m p r i s i n g   a  c r y s t a l l i n e   z e o l i t e   h a v i n g   a  

c o n s t r a i n t   i n d e x   of   1  t o   12  and  a  s i l i c a / a l u m i n a   m o l e  

r a t i o   g r e a t e r   t h a n   70 ,   and  f rom  0 .5   to  10  w e i g h t   p e r c e n t  

of  g a l l i u m ,   s a i d   z e o l i t e   and  s a i d   g a l l i u m   h a v i n g   b e e n  

b r o u g h t   t o g e t h e r   a f t e r   c r y s t a l l i s a t i o n   of  t h e   z e o l i t e .  

P r e f e r a b l y   t h e   z e o l i t e   has   a  s i l i c a / a l u m i n a   mole   r a t i o  

g r e a t e r   t h a n   2 0 0 ,   e v e n   more   p r e f e r a b l y   g r e a t e r   t h a n   5 5 0 .  

At  l e a s t   p a r t   of  s a i d   g a l l i u m   may  be  i n  

t e t r a h e d r a l   c o o r d i n a t i o n   in  t h e   f r a m e w o r k   of  t h e   z e o l i t e ,  

and  in  a  f a v o u r e d   e m b o d i m e n t   t h e   c a t a l y s t   c o n t a i n s   0 . 5   t o  

5%  w t .   of  g a l l i u m   in   t e t r a h e d r a l   c o o r d i n a t i o n   and  1  to   10% 

wt .   of  t o t a l   g a l l i u m .   The  g a l l i u m   may  be  i n t r o d u c e d   i n t o  

t e t r a h e d r a l   c o o r d i n a t i o n   in  t h e   f r a m e w o r k   of  t h e   z e o l i t e  

by  t r e a t m e n t   of   t h e   z e o l i t e   w i t h   a  l i q u i d   g a l l i u m -  
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c o n t a i n i n g   m e d i u m   u n d e r   a l k a l i n e   c o n d i t i o n s ,   n o t a b l y   a t   a  
pH  g r e a t e r   t h a n   8 .  

P r e f e r a b l y   t h e   z e o l i t e   i s   ZSM-5,  ZSM-11 ,   Z S M - 1 2 ,  
ZSM-23,   ZSM-35 ,   ZSM-38  or  ZSM-48,   and  t h e   c a t a l y s t   m a y  
f u r t h e r   c o m p r i s e s   a  p o r o u s   m a t r i x   w i t h   w h i c h   t h e   z e o l i t e  
is   c o m p o s i t e d ,   t h e   z e o l i t e   a d v a n t a g e o u s l y   c o n s t i t u t i n g   5 
to  80%  wt .   of  i t s   c o m p o s i t e   w i t h   t h e   m a t r i x .   S u i t a b l e  
c o n v e r s i o n   c o n d i t i o n s   c o m p r i s e   a  t e m p e r a t u r e   of  482  t o  
7 6 0 ° C ,   a  p r e s s u r e   of  100  to   2860  kPa  and  a  LHSV  of   0 . 1   t o  

5,  p r e f e r a b l y   a  t e m p e r a t u r e   of  593  to  6 7 7 ° C ,   a  p r e s s u r e   o f  
100  to   790  kPa  and  a  LHSV  of  0 .3   to  3 .  

An  u n e x p e c t e d   a d v a n t a g e o u s   e f f e c t   of  t h e  

i n v e n t i o n ,   in  c o m p a r i s o n   w i t h   p r i o r   a r t   p r o c e s s e s  
d e d i c a t e d   to   t h e   a r o m a t i s a t i o n   of  s i m i l a r   f e e d s t o c k s ,   i s  
t he   o b t a i n i n g   of  a  h i g h   p r o d u c t   b e n z e n e / t o l u e n e   r a t i o ,  
t y p i c a l l y   g r e a t e r   t h a n   1 :1   ( w e i g h t   b a s i s ) .  

The  m e t a l   c o m p r i s i n g   g a l l i u m   in  t h e   c a t a l y s t  
c o m p o s i t i o n   may  be  p r e s e n t   as  i o n s   i f   c a t i o n s   in  t h e  
a l u m i n o s i l i c a t e   s u p p o r t   h a v e   been   e x c h a n g e d   w i t h   i o n s   o f  
the   g a l l i u m - c o n t a i n i n g   m e t a l .   The  i o n s   a r e   s u i t a b l y  
p r o v i d e d   as  an  a q u e o u s   s o l u t i o n   of  g a l l i u m - c o n t a i n i n g  
m e t a l   s a l t s   s u c h   as  f o r   i n s t a n c e   m e t a l   s u l f a t e ,   n i t r a t e   o r  
c h l o r i d e ,   in  known  m a n n e r .   B e f o r e   a d d i t i o n   to   t h e   a q u e o u s  
s o l u t i o n   of  t h e   g a l l i u m   c o m p o u n d ,   t h e   z e o l i t e   may  be  a c i d  

t r e a t e d .  

The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   may  b e  
c a r r i e d   o u t   u s i n g   c a t a l y s t s   in  w h i c h   g a l l i u m - c o m p r i s i n g  
m e t a l   i s   i m p r e g n a t e d   on  t h e   s u r f a c e   of  t h e   z e o l i t e ,  

o p t i o n a l l y   c o n c u r r e n t l y   w i t h   i o n - e x c h a n g e .   H o w e v e r ,   i n  

a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,   t h e  

g a l l i u m - c o m p r i s i n g   m e t a l   may  be  i n c o r p o r a t e d   u n d e r  

a l k a l i n e   c o n d i t i o n s   i n t o   t h e   f r a m e w o r k   of  t h e   z e o l i t e .  

&ny  a l k a l i n e   m a t e r i a l   can   be  u sed   f o r   t h i s   p u r p o s e   w h i c h  
is  c o m p a t i b l e   w i t h   t h e   g a l l i u m - c o m p r i s i n g   m e t a l   r e a g e n t ,  
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j . g .   an  a q u e o u s   s o l u t i o n   or  a l K a i i   m e t a l   n y a r o x i a e s   s u c n  

is  s o d i u m   h y d r o x i d e   w i t h   a  c o n c e n t r a t i o n   in  t h e   r a n g e ,   f o r  

s x a m p l e   of  a b o u t   0 . 1   to   1  N.  In  c a r r y i n g   o u t   t h e  

I n s e r t i o n   of   t h e   g a l l i u m - c o m p r i s i n g   m e t a l   by  t h i s   m e t h o d ,  

:he  z e o l i t e   may  be  r e f l u x e d   in   a  s o l u t i o n   of  a l k a l i n e  

n a t e r i a l   and   g a l l i u m - c o m p r i s i n g   m e t a l   r e a g e n t ,   e . g .   any  o f  

v a r i o u s   w a t e r - s o l u b l e   c o m p o u n d s   s u c h   as  s u l f a t e s   a n d  

l i t r a t e s ,   a m m o n i a - e x c h a n g e d   to   r e m o v e   or  r e d u c e   a l k a l i  

r t e t a l   c a t i o n s ,   and  c a l c i n e d   to   o b t a i n   t h e   f i n a l   c a t a l y s t .  

S u i t a b l e   r e f l u x i n g   c o n d i t i o n s   c o m p r i s e   a  t e m p e r a t u r e   of  5 0  

to  100°C  f o r   a  p e r i o d   of  0 . 5   to   20  h o u r s .  

W h e r e   t h e   c a t a l y s t   c o m p o s i t i o n   i s   p r e p a r e d   b y  

a s i n g   a  c o m p o u n d   of  g a l l i u m - c o m p r i s i n g   m e t a l   w h i c h   i o n i z e s  

Ln  a q u e o u s   s o l u t i o n ,   f o r   e x a m p l e   g a l l i u m   n i t r a t e ,   some  o f  

the   g a l l i u m   i o n s   a r e   g e n e r a l l y   e x c h a n g e d   w i t h   t h e   c a t i o n s  

in  t h e   z e o l i t e   e v e n   i f   t h e   p r e p a r a t i o n   was  d i r e c t e d   t o  

i m p r e g n a t i o n   of  or  i n s e r t i o n   i n t o   t h e   z e o l i t e .  

W h i c h e v e r   m e t h o d   of  c a t a l y s t   p r e p a r a t i o n   i s  

u s e d ,   t h e   a m o u n t   of  g a l l i u m   p r e s e n t   in  t h e   c a t a l y s t  

c o m p o s i t i o n s ,   ( m e t a l   p l u s   z e o l i t e ) ,   may  v a r y   f o r   i n s t a n c e  

b e t w e e n   0 . 1   and  15,   p r e f e r a b l y   b e t w e e n   0 .5   and  10,   p e r c e n t  

by  w e i g h t .   Of  t h e   t o t a l   a m o u n t   of  a d d e d   m e t a l ,   g a l l i u m  

may  c o m p r i s e   an  a m o u n t   f rom  o v e r   50  to  100  w t . % .   T h e  

p o r t i o n   of  t h e   a d d e d   m e t a l   w h i c h   i s   n o t   g a l l i u m   may  be  a n y  

of  v a r i o u s   s u i t a b l e   m e t a l s   in  G r o u p s   I  t h r o u g h   V I I I   of   t h e  

P e r i o d i c   T a b l e   i n c l u d i n g   by  way  of  e x a m p l e ,   z i n c ,  

p l a t i n u m ,   r h e n i u m ,   c o b a l t ,   t i t a n i u m ,   t e l l u r i u m ,   s o d i u m ,  

n i c k e l ,   b o r o n ,   c h r o m i u m ,   a l u m i n u m ,   c o p p e r ,   p l a t i n u m ,  

c a l c i u m   and  r a r e   e a r t h   m e t a l s .  

The  g a l l i u m   in  t h e   c a t a l y s t   may  t h e r e f o r e   b e  

e n t i r e l y   in   t e t r a h e d r a l   c o o r d i n a t i o n   in  t h e   f r a m e w o r k   o f  

t h e   z e o l i t e ,   p r e s e n t   e n t i r e l y   as  n o n - f r a m e w o r k   c a t i o n   a n d /  

or  i m p r e g n a n t ,   or  p a r t l y   f r a m e w o r k   and  p a r t l y   n o n -  

f r a m e w o r k .   Thus   in  an  e m b o d i m e n t   p r e v i o u s l y   m e n t i o n e d ,   a  
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f a v o u r e d   c a t a l y s t   f o r m u l a t i o n   c o n t a i n s   1  to  10%  wt .   t o t a l  

g a l l i u m   of  w h i c h   h a l f   i s   f r a m e w o r k   g a l l i u m .   C e r t a i n   o f  

t h e   a f o r e m e n t i o n e d   m e t a l s   w h i c h   may  be  c o - p r e s e n t   w i t h  

g a l l i u m   may  s i m i l a r l y   a s s u m e   f r a m e w o r k   and  n o n - f r a m e w o r k  

r o l e s .  

A l t h o u g h   t h e   z e o l i t e s   u t i l i z e d   in  t h e   p r o c e s s  
h a v e   e x t r e m e l y   low  a l u m i n a   c o n t e n t s ,   i . e .   s i l i c a   t o  

a l u m i n a   mo le   r a t i o s   e x c e e d i n g   550 ,   t h e y   a r e   n e v e r t h e l e s s  

v e r y   a c t i v e .   The  a c t i v i t y   i s   s u r p r i s i n g   s i n c e   c a t a l y t i c  

a c t i v i t y   i s   g e n e r a l l y   a t t r i b u t e d   to   f r a m e w o r k   a l u m i n u m  

a t o m s   a n d / o r   c a t i o n s   a s s o c i a t e d   w i t h   t h e s e   a l u m i n u m   a t o m s .  

T h e s e   z e o l i t e s   r e t a i n   t h e i r   c r y s t a l l i n i t y   f o r   l o n g   p e r i o d s  
in  s p i t e   of  t h e   p r e s e n c e   of  s t e a m   a t   h i g h   t e m p e r a t u r e  
w h i c h   i n d u c e s   i r r e v e r s i b l e   c o l l a p s e   of  t h e   f r a m e w o r k   o f  

o t h e r   z e o l i t e s ,   e . g .   of  t h e   X  and  A  t y p e .   F u r t h e r m o r e ,  

c a r b o n a c e o u s   d e p o s i t s ,   when  f o r m e d ,   may  be  r e m o v e d   b y  

b u r n i n g   a t   h i g h e r   t h a n   u s u a l   t e m p e r a t u r e s   to  r e s t o r e  

a c t i v i t y .   T h e s e   z e o l i t e s ,   u s e d   as  c a t a l y s t s ,   g e n e r a l l y  

h a v e   low  c o k e - f o r m i n g   a c t i v i t y   and  t h e r e f o r e   a r e   c o n d u c i v e  

to   l o n g   t i m e s   on  s t r e a m   b e t w e e n   r e g e n e r a t i o n s   by  b u r n i n g  

c a r b o n a c e o u s   d e p o s i t s   w i t h   o x y g e n - c o n t a i n i n g   gas   s u c h   a s  

a i r .  

The  s i g n i f i c a n c e   and  m a n n e r   of  d e t e r m i n a t i o n   o f  

c o n s t r a i n t   i n d e x   a r e   d e s c r i b e d   in  our   G B - A - 1 , 4 4 6 , 5 2 2 .   We 

do  h o w e v e r   draw  a t t e n t i o n   to   t h e   f a c t   t h a t   t e s t i n g  

p a r a m e t e r s   to  some  d e g r e e   d e t e r m i n e   t h e   p r e c i s e   v a l u e   o f  

c o n s t r a i n t   i n d e x   y i e l d e d   f o r   a  g i v e n   z e o l i t e   by  a n  

i n d i v i d u a l   t e s t ,   and  t h a t   any  z e o l i t e   w h i c h   i s   c a p a b l e ,  

upon  t e s t i n g   w i t h i n   t h e   p r e s c r i b e d   c o n d i t i o n s ,   o f  

m a n i f e s t i n g   a  c o n s t r a i n t   i n d e x   of  1  to   12  is   c o n s i d e r e d  

f o r   t h e   p u r p o s e s   of  t h e   p r e s e n t   s p e c i f i c a t i o n   to  be  a  

z e o l i t e   h a v i n g   a  c o n s t r a i n t   i n d e x   of  1  to   1 2 .  

C o n s t r a i n t   I n d e x   (CI)  v a l u e s   f o r   some  t y p i c a l  

m a t e r i a l s   a r e :  
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ZSM-4  0 .5   ( 3 1 6 )  

ZSM-5  6 - 8 . 3   ( 3 7 1 - 3 1 6 )  

ZSM-11  5 - 8 . 7   ( 3 7 1 - 3 1 6 )  

ZSM-12  2 .3   ( 3 1 6 )  

ZSM-20  0 .5   ( 3 7 1 )  

ZSM-22  7 .3   ( 4 2 7 )  

ZSM-23  9 .1   ( 4 2 7 )  

ZSM-34  50  ( 3 7 1 )  

ZSM-35  4 .5   ( 4 5 4 )  

ZSM-38  2  ( 5 1 0 )  

ZSM-48  3 .5   ( 5 3 8 )  

ZSM-50  2 .1   ( 4 2 7 )  

TMA  O f f r e t i t e   3 .7   ( 3 1 6 )  

TEA  M o r d e n i t e   0 .4   ( 3 1 6 )  

C l i n o p t i l o l i t e   3 .4   ( 5 1 0 )  

M o r d e n i t e   0 .5   ( 3 1 6 )  

REY  0 .4   ( 3 1 6 )  

A m o r p h o u s   S i l i c a - a l u m i n a   0 .6   ( 5 3 8 )  

D e a l u m i n i z e d   Y  0 .5   ( 5 1 0 )  

E r i o n i t e   38  ( 3 1 6 )  

Z e o l i t e   B e t a   0 . 6 - 2 . 0   ( 3 1 6 - 3 9 9 )  

Z e o l i t e s   ZSM-5,   ZSM-11,   ZSM-12,   Z S M - 2 3 ,   Z M S - 3 5 ,  

ZSM-38  and  ZSM-48  a r e   d e f i n e d   by  t h e   x - r a y   d a t a   s e t   f o r t h  

in  U S - A - 3 , 7 0 2 , 8 8 6 ,   3 , 7 0 9 , 9 7 9 ,   3 , 8 3 2 , 4 4 9 ,   4 , 0 7 6 , 8 4 2 ,  

4 , 0 1 6 , 2 4 5 ,   4 , 0 4 6 , 8 5 9   and  4 , 3 5 0 , 8 3 5   r e s p e c t i v e l y .  

The  s p e c i f i c   z e o l i t e s   d e s c r i b e d ,   when  p r e p a r e d  

in  t h e   p r e s e n c e   of  o r g a n i c   c a t i o n s ,   a r e   s u b s t a n t i a l l y  

c a t a l y t i c a l l y   i n a c t i v e ,   p o s s i b l y   b e c a u s e   t h e   i n t r a -  

c r y s t a l l i n e   f r e e   s p a c e   i s   o c c u p i e d   by  o r g a n i c   c a t i o n s   f r o m  

t h e   f o r m i n g   s o l u t i o n .   They  may  be  a c t i v a t e d   by  h e a t i n g   i n  

an  i n e r t   a t m o s p h e r e   a t   a b o u t   540°C  f o r   one   h o u r ,   f o r  

e x a m p l e ,   f o l l o w e d   by  b a s e   e x c h a n g e   w i t h   ammonium  s a l t s  
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f o l l o w e d   by  c a l c i n a t i o n   a t   a b o u t   540°C  in  a i r .   T h e  

p r e s e n c e   of   o r g a n i c   c a t i o n s   in  t h e   f o r m i n g   s o l u t i o n   m a y  
n o t   be  a b s o l u t e l y   e s s e n t i a l   to  t h e i r   f o r m a t i o n   b u t   d o e s  

a p p e a r   to   f a v o r   i t .   In  many  c a s e s   i t   i s   d e s i r a b l e   t o  

a c t i v a t e   t h e   z e o l i t e   by  b a s e   e x c h a n g e   w i t h   ammonium  s a l t s  

f o l l o w e d   by  c a l c i n a t i o n   in  a i r   a t   a b o u t   5 4 0 ° C   f o r   f r o m  

a b o u t   15  m i n u t e s   to  a b o u t   24  h o u r s .  

N a t u r a l   z e o l i t e s   may  s o m e t i m e s   be  c o n v e r t e d   t o  

z e o l i t e   s t r u c t u r e s   of  t h e   c l a s s   h e r e i n   i d e n t i f i e d   b y  

v a r i o u s   a c t i v a t i o n   p r o c e d u r e s   and  o t h e r   t r e a t m e n t s   s u c h   a s  

b a s e   e x c h a n g e ,   s t e a m i n g ,   a l u m i n a   e x t r a c t i o n   and  .  > 

c a l c i n a t i o n ,   a l o n e   or  in  c o m b i n a t i o n s .   N a t u r a l   m i n e r a l s  

w h i c h   may  be  so  t r e a t e d   i n c l u d e   f e r r i e r i t e ,   b r e w s t e r i t e ,  

s t i l b i t e ,   d a c h i a r d i t e ,   e p i s t i l b i t e ,   h e u l a n d i t e   a n d  

c l i n o p t i l o l i t e .  

When  s y n t h e s i z e d   in  t h e   a l k a l i   m e t a l   f o r m ,   t h e  

z e o l i t e   i s   c o n v e n i e n t l y   c o n v e r t e d   to  t h e   h y d r o g e n   f o r m ,  

g e n e r a l l y   by  i n t e r m e d i a t e   f o r m a t i o n   of   t h e   ammonium  f o r m  

as  a  r e s u l t   of  ammonium  ion  e x c h a n g e   and  c a l c i n a t i o n   o f  

t h e   ammonium  f o r m   to  y i e l d   t he   h y d r o g e n   f o r m .   In  a d d i t i o n  

to   t h e   h y d r o g e n   f o r m ,   o t h e r   f o r m s   of  t h e   z e o l i t e   w h e r e i n  

t h e   o r i g i n a l   a l k a l i   m e t a l   has   been   r e d u c e d   to   l e s s   t h a n  

a b o u t   1 . 5   p e r c e n t   by  w e i g h t   may  be  u s e d .   T h u s ,   t h e   , 
o r i g i n a l   a l k a l i   m e t a l   of  t h e   z e o l i t e   may  be  r e p l a c e d   b y  

ion   e x c h a n g e   w i t h   g a l l i u m   a n d ,   i f   d e s i r e d   o t h e r   s u i t a b l e  

m e t a l   c a t i o n s ,   of  G r o u p s   I  t h r o u g h   VII   of  t h e   P e r i o d i c  

T a b l e   as  m e n t i o n e d   p r e v i o u s l y .  

I t   may  be  u s e f u l   to  i n c o r p o r a t e   t h e   a b o v e -  

m e n t i o n e d   c r y s t a l l i n e   z e o l i t e   i n t o   a  m a t r i x   c o m p r i s i n g  

a n o t h e r   m a t e r i a l   r e s i s t a n t   to  t he   t e m p e r a t u r e   and  o t h e r  

c o n d i t i o n s   e m p l o y e d   in  t h e   p r o c e s s   to  be  c a t a l y s e d .   S u c h  

m a t r i x   m a t e r i a l   i s   u s e f u l   as  a  b i n d e r   and  i m p a r t s   g r e a t e r  

r e s i s t a n c e   to   t h e   c a t a l y s t   f o r   t h e   s e v e r e   t e m p e r a t u r e ,  

p r e s s u r e   and  r e a c t a n t   f e e d   s t r e a m   v e l o c i t y   c o n d i t i o n s  
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e n c o u n t e r e d   in  many  c o n v e r s i o n   p r o c e s s e s .   U s e f u l   m a t r i x  

m a t e r i a l s   i n c l u d e   b o t h   s y n t h e t i c   and  n a t u r a l l y   o c c u r r i n g  

s u b s t a n c e s ,   as  w e l l   as  i n o r g a n i c   m a t e r i a l s   s u c h   as  c l a y ,  

s i l i c a   a n d / o r   m e t a l   o x i d e s ,   and  a r e   f u l l y   d e s c r i b e d   in  o u r  

E P - A - 1 6 9 5 .  

The  f e e d   s t r e a m   t o   t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

c o n t a i n s   a t   l e a s t   50%  by  w e i g h t   of   a t   l e a s t   one  a l i p h a t i c  

h y d r o c a r b o n   c o n t a i n i n g   2  t o   12  c a r b o n   a t o m s .   T h e  

h y d r o c a r b o n   may  be  s t r a i g h t   c h a i n ,   o p e n   c h a i n   or  c y c l i c  

and   may  be  s a t u r a t e d   or  u n s a t u r a t e d .   Some  c o n t e m p l a t e d  

h y d r o c a r b o n s   a r e   e t h a n e ,   p r o p a n e ,   p r o p y l e n e ,   n - b u t a n e ,   n -  

b u t e n e s ,   i s o b u t a n e ,   i s o b u t e n e ,   s t r a i g h t - a n d   b r a n c h   c h a i n  

h e x a n e s ,   h e x e n e s ,   o c t a n e s ,   o c t e n e s ,   d e c a n e s   and  d e c e n e s ,  

c y c l o h e x a n e   and  c y c l o h e x e n e .   The  e f f l u e n t   f r o m   t h e  

r e a c t i o n   zone   i s   s e p a r a t e d   and  d i s t i l l e d   to   r e m o v e   t h e  

d e s i r e d   a r o m a t i c   p r o d u c t   and  t h e   r e m a i n d e r   may  be  r e c y c l e d  

f o r   f u r t h e r   r e a c t i o n .  

The  f o l l o w i n g   e x a m p l e s   f u r t h e r   i l l u s t r a t e   t h e  

i n v e n t i o n .   E x a m p l e s   1  to   3  a r e   e m b o d i m e n t s   of  p r o c e s s e s  

c a r r i e d   o u t   w i t h i n   t h e   i n v e n t i o n ,   w h i l s t   C o m p a r a t i v e  

E x a m p l e s   A  to   C  show  t h e   r e s u l t s   o b t a i n e d   when  a t   l e a s t  

o n e   o p e r a t i n g   p a r a m e t e r   i s   o u t s i d e   t h e   s c o p e   of  t h e  

i n v e n t i o n .  

S X h M S L S - l  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n   and  u s e  

of   a  g a l l i u m - c o n t a i n i n g   z e o l i t e   c a t a l y s t   in  w h i c h   some  o f  

t h e   g a l l i u m   i s   i n s e r t e d   i n t o   t h e   f r a m e w o r k   of  a  z e o l i t e  

u n d e r   a l k a l i n e   c o n d i t i o n s .  

Ten  g r a m s   of  HZSM-5  h a v i n g   a  s i l i c a - a l u m i n a  

r a t i o   of  880  w e r e   r e f l u x e d   w i t h   2 . 5   g r a m s   o f  

G a 2 ( S 0 4 ) 3 . 1 8 H 2 0   in  a  s o l u t i o n   of  0 . 2   N  NaOH  f o r   two  h o u r s .  

The  c a t a l y s t   was  t h e n   a m m o n i a - e x c h a n g e d   and  c a l c i n e d   a t  

5 3 8 ° C   in  a i r   f o r   4  h o u r s .   The  f i n a l   c a t a l y s t   c o n t a i n e d  
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4 .0   wt.%  of  a d d e d   g a l l i u m ,   of  w h i c h   29%  was  d e t e r m i n e d   b y  

t he   ammonia   TPD  m e t h o d   to   be  i n c o r p o r a t e d   w i t h i n   t h e  

f r a m e w o r k   of  t h e   z e o l i t e   c r y s t a l s ,   and  0 . 3 6   wt .%  of   A I 2 G 3 .  

T h i s   c a t a l y s t   was  t e s t e d   f o r   a r o m a t i z a t i o n  

a c t i v i t y   by  l o a d i n g   i t   i n t o   a  r e a c t o r   and  i n t r o d u c i n g   n ~  

h e x a n e   a t   a  t e m p e r a t u r e   of  538°C  ( 1 0 0 0 ° F ) ,   a t m o s p h e r i c  

p r e s s u r e ,   and  an  LHSV  of   0 . 5 9 .   A f t e r   v a r i o u s   t i m e s   o n  

s t r e a m ,   t h e   p r o d u c t   was  a n a l y z e d .   H y d r o g e n   and  l i g h t  

g a s e s   (C1-C3)   w e r e   a n a l y z e d   by  a  r e f i n e r y   g a s   a n a l y s i s   GC,  

C3+  g a s e s   w e r e   a n a l y z e d   on  a  n - o c t a n e - p o r a s i l   C  c o l u m n ,  

and  l i q u i d   p r o d u c t s   w e r e   a n a l y z e d   on  a  DB-1  D u r a b o n d  

c a p i l l a r y   c o l u m n .   The  r e s u l t s   a r e   shown  in  T a b l e   1,  w h e r e  

t h e   n u m b e r s   a l l   s i g n i f y   w e i g h t   p e r c e n t   of  p r o d u c t   e x c e p t  

as  i n d i c a t e d ,   "Ci+C2B  i s   t h e   t o t a l   of  m e t h a n e   and  e t h a n e ,  

"C2=+"  i s   t h e   t o t a l   of  e t h y l e n e   and  h i g h e r   a l i p h a t i c s   a n d  

" A r o m a t i c s   S e l e c t i v i t y "   i s   d e f i n e d   as  f o l l o w s .  

h I Q E a £ i £ S - Y i £ l $ - l X £ * l l  

C1+C2  (w t .%)   +  a r o m a t i c s   y i e l d   ( w t . % )  

JB2AM£L£_2 

The  p r o c e d u r e   of  E x a m p l e   1  was  f o l l o w e d   e x c e p t  

t h a t   t h e   c a t a l y s t   p r e p a r a t i o n   s o l u t i o n   c o n t a i n e d   15  g r a m s  

of  t h e   ZSM-5  w h i c h   was  r e f l u x e d   w i t h   3 . 7 5   g r a m s   o f  

G a 2 ( S 0 4 )   3 . I 8 H 2 O .   The  f i n i s h e d   c a t a l y s t   c o n t a i n e d   7 .3   w t . %  

of  g a l l i u m ,   65%  of  w h i c h   was  in  t h e   f r a m e w o r k   of  t h e  

z e o l i t e ,   and  0 . 3 9   wt.%  of  AI2O3 .   The  r e s u l t s   a r e   shown  i n  

T a b l e   1 .  

£XAMPL£_3 

T h i s   e x a m p l e   i l l u s t r a t e s   t he   p r e p a r a t i o n   and  u s e  

of  a  c a t a l y s t   in   w h i c h   g a l l i u m   is   d e p o s i t e d   in  a  z e o l i t e  

s u b s t r a t e   w i t h o u t   e n t e r i n g   t h e   f r a m e w o r k .  

15  g r a m s   of  Ga  (NO3)  3  .XH2O  were   d i s s o l v e d   in  H2O 
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and  i m p r e g n a t e d   on  7 . 5   g r a m s   of   a  ZSM-5  z e o l i t e   w i t h   t h e  

same  s i l i c a - a l u m i n a   r a t i o   as  E x a m p l e s   1  and  2,  v i z .   8 8 0 .  

rhe   c a t a l y s t   was  t h e n   c a l c i n e d   in   a i r   a t   5 3 8 ° C .   T h e  

f i n i s h e d   c a t a l y s t   c o n t a i n e d   1 0 . 2   wt.%  of  d e p o s i t e d  

g a l l i u m .   The  c a t a l y s t   was  t h e n   t e s t e d   f o r   a r o m a t i z a t i o n  

a c t i v i t y   as  d e s c r i b e d   in   E x a m p l e   1.  The  r e s u l t s   a r e   s h o w n  

in  T a b l e   1 .  
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Ôl  f t  @  •  • 
in  r> 

in  r- 
•  • 

CN  CO 
t   r- 

a>,  vo 
fl  o  

•  • 
m  r- 

co  in 
m  H 

•  a 
IX)  <N 
in  r~ 

r-  f t  
i-H  VO 

•  • 
m  vo 

Ti  o  
n  ft 
•  @ 

O  ft  
X>  CO 

-i 

I 

><  ! 

u  > 
@<-<  >*4 
•P  4J 
(ti  u 

H-  g  0) 
II  0  ft 
(N  :  M  0) 

Ci  r 
m  r 

CO  u 

in  r 

i 



F - 4 0 0 2 ( 4 0 0 3 )  0 2 5 2 7  

- 1 2 -  

The  a r o m a t i z a t i o n   a c t i v i t y   of   t h e   c a t a l y s t s   o f  

E x a m p l e s   1,  2  and  3  u n d e r   t h i s   i n v e n t i o n   as   i n d i c a t e d   b y  

t h e   r e s u l t s   of  T a b l e   1  show  a  r e l a t i v e l y   h i g h   a r o m a t i c s  

s e l e c t i v i t y   and  a  c o n c o m i t a n t   low  p r o d u c t i o n   of   C 1 + C 2  

w h i c h   a r e   c o n s i d e r e d   p a r t i c u l a r l y   u n d e s i r a b l e   b y - p r o d u c t s  

of   a r o m a t i c s   p r o d u c t i o n .   M o r e o v e r ,   c o m p a r i s o n   of  t h e  

r e s u l t s   of   E x a m p l e s   1  and  2  w h e r e i n   t h e   c a t a l y s t   c o n t a i n e d  

a  s u b s t a n t i a l   p r o p o r t i o n   of  g a l l i u m   i n s e r t e d   i n t o   t h e  

f r a m e w o r k   of   t h e   g a l l i u m   u n d e r   a l k a l i n e   c o n d i t i o n s ,   w i t h  

t h o s e   o f   E x a m p l e   3  w h e r e i n   t h e   g a l l i u m   was  d e p o s i t e d   o n  

t h e   z e o l i t e   by  ion   e x c h a n g e ,   shows   t h a t   h i g h e r   a r o m a t i c s  

s e l e c t i v i t e s   a r e   o b t a i n e d   a f t e r   a  t i m e   on  s t r e a m   of  7 

h o u r s   or   l e s s   w i t h   c a t a l y s t s   c o n t a i n i n g   some  i n s e r t e d  

g a l l i u m   t h a n   t h o s e   c o n t a i n i n g   a l l   e x c h a n g e d   g a l l i u m .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n   and  u s e  

of   a  c a t a l y s t   u t i l i z i n g   a  z e o l i t e   in  w h i c h   t h e   s i l i c a -  

a l u m i n a   r a t i o   i s   l o w e r   t h a n   t h a t   c a l l e d   f o r   by  t h e  

i n v e n t i o n .  

The  p r o c e d u r e   of  E x a m p l e   3  was  f o l l o w e d   e x c e p t  

t h a t   t h e   s i l i c a - a l u m i n a   r a t i o   of  t h e   ZSM-5  was  70 .   T h e  

f i n i s h e d   c a t a l y s t   c o n t a i n e d   6 .8   wt.%  of  d e p o s i t e d   g a l l i u m .  

The  r e s u l t s   of  a r o m a t i z a t i o n   of  n - h e x a n e   w i t h   t h i s  

c a t a l y s t   a r e   shown  in  T a b l e   2 .  

£ Q M P A E m Y £ _ £ X A M £ L £ _ E  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n   and  u s e  

of   a  c a t a l y s t   in  w h i c h   t he   s i l i c a - a l u m i n a   r a t i o   i s   l o w e r  

t h a n   t h a t   c a l l e d   f o r   by  t h e   i n v e n t i o n   and  w h i c h   c o n t a i n s  

g a l l i u m   d e p o s i t e d   by  i m p r e g n a t i o n .  

2  g r a m s   of  Ga(N03>  3  .XH2O  w e r e   d i s s o l v e d   in  l O c c  

of  w a t e r   and   5  g r a m s   of  HZSM-5  w i t h   a  s i l i c a - a l u m i n a   r a t i o  

of   40  w e r e   a d d e d   to   t h e   s o l u t i o n .   The  m i x t u r e   was  d r i e d  
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o v e r n i g h t   and  c a l c i n e d   a t   538°C  f o r   6  h o u r s .   The  f i n i s h e d  

c a t a l y s t   c o n t a i n e d   7 .3   wt.%  of  i m p r e g n a t e d   g a l l i u m .   D s e  

of   t h i s   c a t a l y s t   f o r   a r o m a t i z a t i o n   of  n - h e x a n e   a s  

d e s c r i b e d   in  E x a m p l e   1  y i e l d e d   t h e   r e s u l t s   shown  in  T a b l e  

2 .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   u s e   of  a  c a t a l y s t  

c o n s i s t i n g   of  a  z e o l i t e   h a v i n g   a  l o w e r   s i l i c a - a l u m i n a  

r a t i o   t h a n   i s   d e f i n e d   by  t h e   i n v e n t i o n   and  no  a d d e d   m e t a l .  

n - H e x a n e   was  s u b j e c t e d   to  a r o m a t i z a t i o n   u s i n g  

t h e   c o n d i t i o n s   of  E x a m p l e   1  and  a  c a t a l y s t   c o n s i s t i n g   o f  

HZSM-5  w i t h   a  s i l i c a - a l u m i n a   r a t i o   of  70  and  no  a d d e d  

m e t a l   s u c h   as  g a l l i u m .   The  r e s u l t s   o b t a i n e d   a r e   shown  i n  

T a b l e   2 .  
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C o m p a r i s o n   of  t h e   r e s u l t s   of  E x a m p l e s   1  to   j  

i n d e r   t h e   i n v e n t i o n   w i t h   t h o s e   of  C o m p a r a t i v e   E x a m p l e s   A 

:o  C  w h e r e i n   a t   l e a s t   one  p a r a m e t e r   d e f i n e d   by  t h e  

i n v e n t i o n   was  n o t   e m p l o y e d ,   s h o w s   t h a t   s u b s t a n t i a l l y  

l i g h e r   a r o m a t i c s   s e l e c t i v i t i e s   and  l o w e r   p r o d u c t i o n   o f  

' l + c 2   w e r e   o b t a i n e d   w i t h   t h e   e x a m p l e s   u n d e r   t h e   i n v e n t i o n  

:han   w i t h   t h e   c o m p a r a t i v e   e x a m p l e s .  

I t   w i l l   have   been   n o t e d   t h a t   u s e   of  a  z e o l i t e  

: a t a l y s t   c o n t a i n i n g   z e o l i t i c   g a l l i u m   in  t e t r a h e d r a l  

s o o r d i n a t i o n   t h e r e i n   in  an  a r o m a t i z a t i o n   p r o c e s s   in  m a n y  

s a s e s   y i e l d s   a  p r o d u c t   in  w h i c h   t h e   r a t i o   of  a r o m a t i c s   t o  

the   t o t a l   of   m e t h a n e   and  e t h a n e   (C1+C2)  i s   h i g h e r   t h a n  

t h a t   o b t a i n e d   u n d e r   e q u i v a l e n t   c o n d i t i o n s   b u t   u s i n g   a  

z e o l i t e   in   w h i c h   a l l   t he   g a l l i u m   i s   i o n - e x c h a n g e d   a n d / o r  

i m p r e g n a t e d .   T h i s   i s   s i g n i f i c a n t   s i n c e   m e t h a n e   d o e s   n o t  

u s u a l l y   y i e l d   any  a r o m a t i c s   or  a r o m a t i c s   p r e c u r s o r s   o n  

r e c y c l i n g ,   w h i l e   e t h a n e   is   more   d i f f i c u l t   to   a r o m a t i z e  

t h a n   h i g h e r   a l k a n e s .  
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CLAIMS 

1.  A  p r o c e s s   f o r   p r o d u c i n g   a r o m a t i c   c o m p o u n d s  
w h i c h   c o m p r i s e s   c o n t a c t i n g   a  f e e d   c o n t a i n i n g   a t   l e a s t   5 0  

w e i g h t   p e r c e n t   of   C2  to   C12  a l i p h a t i c   h y d r o c a r b o n s ,   u n d e r  

c o n v e r s i o n   c o n d i t i o n s ,   w i t h   a  c a t a l y s t   c o m p r i s i n g   a  

c r y s t a l l i n e   z e o l i t e   h a v i n g   a  c o n s t r a i n t   i n d e x   of   1  to   1 2  

and  a  s i l i c a / a l u m i n a   mole   r a t i o   g r e a t e r   t h a n   70 ,   and  f r o m  

0 .5   t o   10  w e i g h t   p e r c e n t   of  g a l l i u m ,   s a i d   z e o l i t e   and  s a i d  

g a l l i u m   h a v i n g   b e e n   b r o u g h t   t o g e t h e r   a f t e r   c r y s t a l l i s a t i o n  

of  t h e   z e o l i t e .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  w h e r e   in  t h e  

z e o l i t e   h a s   a  s i l i c a / a l u m i n a   mole   r a t i o   g r e a t e r   t h a n   2 0 0 .  

3.   A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or   c l a i m   2 

w h e r e i n   t h e   z e o l i t e   has   a  s i l i c a / a l u m i n a   m o l e   r a t i o  

g r e a t e r   t h a n   5 5 0 .  

4.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

w h e r e i n   a t   l e a s t   p a r t   of  s a i d   g a l l i u m   i s   in   t e t r a h e d r a l  

c o o r d i n a t i o n   in  t h e   f r a m e w o r k   of   t he   z e o l i t e .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  w h e r e i n   t h e  

c a t a l y s t   c o n t a i n s   0 .5   to  5%  wt .   of  s a i d   g a l l i u m   i n  

t e t r a h e d r a l   c o o r d i n a t i o n   and  1  to   10%  w t .   of   t o t a l  

g a l l i u m .  

6.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   g a l l i u m   a s s u m e s   t e t r a h e d r a l   c o o r d i n a t i o n   in  t h e  

f r a m e w o r k   of   t h e   z e o l i t e   by  t r e a t m e n t   of  t h e   z e o l i t e   w i t h  

a  l i q u i d   g a l l i u m - c o n t a i n i n g   medium  u n d e r   a l k a l i n e  
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c o n d i t i o n s .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   6  w h e r e i n   t h e  

pH  of  s a i d   t r e a t m e n t   i s   a t   l e a s t   8 .  

8.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   t h e   z e o l i t e   i s   ZSM-5,  ZSM-11,   ZSM-12,  ZSM-23,   ZSM- 

35,   ZSM-38  or  Z S M - 4 8 .  

9.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   t h e   c a t a l y s t   f u r t h e r   c o m p r i s e s   a  p o r o u s   m a t r i x  

w i t h   w h i c h   t h e   z e o l i t e   i s   c o m p o s i t e d .  

10.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   t h e  

z e o l i t e   c o n s t i t u t e s   5  to   80%  wt .   of  i t s   c o m p o s i t e   w i t h   t h e  

m a t r i x .  

11.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   t h e   c o n v e r s i o n   c o n d i t i o n s   c o m p r i s e   a  t e m p e r a t u r e  

of  482  to   7 6 0 ° C ,   a  p r e s s u r e   of  100  to  2860  kPa  and  a  LHSV 

of  0 .1   to   5 .  

12.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   c o n v e r s i o n   c o n d i t i o n s   c o m p r i s e   a  t e m p e r a t u r e   o f  

593  to  6 7 7 ° C ,   a  p r e s s u r e   of  100  to  790  kPa  and  a  LHSV  o f  

0 .3   to  3 .  
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